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ABSTRACT : 

PURPOSE: To reduce storing capacity and the time required for calculation by 
formulating a dynamic system as a linear multi-step determination problem, 
finding out a ralative cost factor and repeating the same procedure as simplex 
method . 

CONSTITUTION: A dynamic system such as an energy control system in the iron 
industry is formulated so that status vectors minimizing an objective function 
J shown in the formula II under the linear simultaneous differential equation 
shown in the formula I and initial and restricted conditions. The formulated 
equations are decomposed in each step and variables included in each step is 
divided into basic variables and non-basic variables. Then, the relative cost 
factor is found out by using a basic reverse matrix in each step and an optimum 
answer satisfying optimum conditions is found out by repeating the same 
procedure as the symplex method. Thus, the dynamic system is operated by using 
the optimum answer so that the balance of the dynamic system is optimized. 

COPYRI GHT : ( C ) 1 9 8 4 , JPO& Japio 



COUNTRY 
N/A 



10/15/05, EAST Version: 2.0.1.4 



@Int. CI.^ 
G 05 B 13/02 



© B*S4$rF/7= (JP) 
8225— 5H 



0S59— 229604 

FSfP59^(l984)12^24B 



^m(^SL 1 



11 M) 



-> X X A (^i^ 

S BS58— 103486 
©m m 8858(1983) 6 ^90 

JI|iKfrtTflciIZ3E^^1099#flfe«c 
S^^?± B 3iiai^m ■> X X A 

B itliif^m X A 



BiLltfMi-mSrrS 2#l^ 



a 4» fflF fa :^ o 46 0 

0) ft « :^ 5^ ^ ^ ® 8fc )e fii b T ^ 

*:2Siis*ft t *S^*»:ic4>a u . »c * © c: i 
(fy :^ ^ X omm:^m o 

T * * o 



i' 

5i « * ff 5 c tt o T v^ 3tr u> o 

t T Jl ^ (I) DantBlg - Wo/Xe O^ft^^MStT. 
O (C . R. G/asaay : Nested Deoompoeltlon 
and Mu/ti — St&£[e Lloear Prograna , Managen 
• nt Solenoe , Vo/. 2 0, J«3* P. 282, 19 

TS^flS) J: VODRoBon (0 4hS8 ^fiSi^ k- i: * t 

O (0|jttdt% L.S. Laadon : Opt Inlsatl on Th 
•ory for Large Sjatema » Maonii/an oomp , N 
oiT Yo rk . 1 9 7 0 # M 6 o filT ^ W ^ — « t: 



-21- 



( % w o a ) 

c n e> *o ^ ;ftL % a: <f u . 



nra^59-223G04 (2) 

5 o 

C % ti§ o 1^ tft 09 3 

T « r o 

R7(t)+ Au(t)-Ty (t-O + • • • 0) 

(t - 1 , 2 . s . , K ) 

y(o)- y© • • • (2) 

ii< (y(t)' , u(t)' )' < b ... (5) 

(t-i ,11, .... K ) 

J "^£^ C (y(t)' > tt(t)' ) ' -» IB 1 n - • • (4) 



■To fc « U V 




'Sir * f * » V u (t) tt jJc 






. y (t) tt By o « IS * 












^8et-) TibSo AH (■ 




T J: Of 


RH (mXiiy)tf:5c<o-T ^ 


y ^ X T 0 






^ n Ife 7C 


^ h ^ T 




♦c & » ra 


ft » T * 




Sb ft?) 'V X ir 


A iO ^ ^ 


jimtt. rS8e(i)^Oi/x 




, Hif E (2) O 10 }W ^ if t ^ 85 (*) ^ 









t -r & o 





















m 


1 
















1 


T 11 > T - 1 t (r> T . P (1) % W < 


o 












r 




r 


+ 1 


t 




X 


( 


r 


-1) 














T 




r 




K 


T 35 


n 


WrT^=/lIXA»±«Tbv r<KO 












y r 2 c o 














T ft 
















T fr 




d»S»ltt<^ x^yr2TaRP*S5^ 














o 

















«E2Btvt-«ia%^bTV^-5c «2HO«±a.. 
t:Ct-5*:«>v AiR<o;&^*5 35<$nTiSO. r* O 



-22- 



^ A* 3 (T. K ^ $ n S o t - 2 JH T a . T , A 

T - 0 " R n & o 

^ ^ ^ ftf K (2) (4) O ^ ft C o T *i ^ ^20 

T II Efl « <fc ? n r 3t o 
fia ^ (1) ^ — (4) ^ o a ^ , mmmm^-'k m\r^x 



B.. 



(5) 



0 Bj 

ft ± O d> fj^ il'^j T U * jE T 

1 O 



B- 



^•i B,, 



1163^59-229604 (3) 



► B* 



raXn 



B - B F 



; Q o 



(B) 



H I 

fflT»< c ta^x t i» 2: ^ iz-t a 

« t- « o 



tt^xa Je^^o^RTA■^T^ 

x/^ Cx,(l)'. x.(2)'. , x„W')fr-5o 

^7'^(»7(i)'. x-(2)\ .... x-w') ^r«o 

*i > »7 ^ * n 5 *t , X , fc: II * ri ;tt ^> 
?& T ^ 5 o 

li X X- ic ^ * n 5 s X , kr. *i -^^ * n 

^7-o *^ ^ ^, * »i * * n 5 5ft! » T * 
^ o 

^iTr-H *^ ^ *i t-" * xy K- 1 * n ^ T * 

-S o 

p m < m^iommm^ s «toj:5ic«5i-r«o 

^ Z - + X, • • • (9) 

*B - + Q X, . • • (1 0) 

C c T . ^ , II X, o ffl « ffl 01 as T ft 0 . Q W 
Z - + J; X- ... (11) 



- '0 + Q X- ... (12) 

fttt. B-i t -5 fj3?gtt, B^t ]6>iE^iEf!I T ft -5 
B-i:Srmv^fctfWtt»ifiO J: ^>*c5SjBfl5l^- 
tt . K (a o /f^ fx ^ B^t"" *m^^3tfr»t:jB3st-« 
e> T ft s o 

o fMt ft ^ 39^ r H T ft s o 

t^o coQirfflv^ntf^ to it; (ii)^ti (12)^0 

eif^ (i2)^A.e»*i. X. ^atojr^jtis^-r^c 

tit^X^^o 

»t-'of +G»H + Qfl, V-H »7-B •••(13) 



-23- 



lia^53-229B04(4) 



•-■(14) 

±K (i4)ic^. j:K OD^t. (12) ssrc-ftA-r* 

- (Zo - G"' 'o8 ) + + 



(1 B) 



X« + (Qj_,^ -Qi-B. K Q"' Qb, T-H > 

V . . . (1 O 

g?lE<9)5^, (io)^a:±iB (i'i)-'(i«) ^^ttittf 

xg »C b T ) 

-In "C- 

^ ir-B - ^ bG~* (*7-B *C U T ) 

-.-(17) 



Qb O- -G-QB.V-B _ ^ 



t t 
(x,k-»l6) (x7_H tr-J^fiS) 



(IB) 



«3 0Jr. feU^TW^ x,j , xg, O^^^txBX. 

r i Q ff ^ t X ^ n e> G lii* » v^fc Qbi , Qfl, 

t C r 5 o 

fin e 0 1) . (12) St e> *3 i CX Q* « 
i: t -b C. ^ K (1 7) ^ . (1 B) 5^: 3^ e» ^ 4r ^ ft 



So C C T . :e M O ®i tt . x^ (t) 4 t: tt X, (t) 

-^HlOPTOf-o^^'^^fjV^^ l6PT-0T»n 
PT-lT*n«5^Tyyi IfilTo^Wft-HD 
« -^(O tO%^ft6o iinicj^KSbfcflCJR^x,,^ 

o*^%«ft*oQii vffl^^TWoafc#*f7^oC 

«H>Ofcft(C 85ttUTfe<o X^yT'ieXtt. 



P T -1 - CSfffi t . X X r 1 2 JKT O ifc 

iaT\ »4rHCfei:^*x5^yri20fpfflXt» 
r*t>^i»E (ii)^*o i^* ^:^ft s:3&^fek- 
o T 93 ^ s o i7* O iH Pfe H . Xb (t) 

)^ A X- (t) :V It St ffc C ^: ^ to Z o St fb A Z «r 

Z* oj:^c«rci:K:r-6o c:n(cj:oT^ 

^AZ*-Cv* - C-* B1\ A- ) Ax-(t) 

^i^*Ax-(t) ...(19) 
A x- - Q^^ A x-"(t) ... (20) 

*fc» ( t + 1 ) (C « L T tl . ftS * 



-24- 



-S ^^■j*'*'' Ax^t) ... (21) 

t Ax-(t) . . . (2 2) 

(f^UJr^CUT. (t + 2)~KO^S( Kin U T 
AZ , Ax- (t+1) . i - 2 • 3 . ' ' K - ^ 

^AZ*+A- (C-*+^ B^;l, T-Q^^.^_,, ,^.i.i) 
J Ax-(t) ... (as) 

Ax-{t+i) -Bji, T-Q^+i_i^ ^+i_i) .Ax-(t) 

^3»t(d**' .•.k)%:SiiC>«ct*^T*«o 

CCT. x(t)'- ( y (t/, u (t)') T*5v TfrJltt 
y(t)t:5l*bTO*#«-r*Ci:*«Ji-rntf. If 

t tt^-^Tsm^-r* ?? tt <t < . y (t + 1) 
)&^asiis«» X- (t+1) Id ^ fx z> mi^ . -ttofii^n 



J^raaa 50-229604 (5) 

lBi:3B3&i^]F;Srx (BFG) ft^iK-f^. 2 
Btt3-^xf?;er:^ (C0G)iRfii4f'f9T*« 
lT-^3T«i«»*-i^>T*?). iTfc 

> T * & o 

3-=*X|pT=i-^;^«a;(r;jt (COG) 

T»jP;y;^ (BPG) ^en^nw^-rso 

W ^ ;y X ^ a ^ <0 IS 5te 3t 4^ ^ 4^ - U T ^ CO 



<& o 



(0 3:*A.^-O®SK*^^<. * 


fc ffi S f- 




O T * o (B) i * 


'V'!' - O IB 5* 






s % ^. X ;f 


^ ¥ ~ Ik 


X m e 




^ W ^ ^ A i: 




o (W)K« 


# fil5 0^^ »y3 « J: 


O T S o 




X * ZJ — 




lifffm^m ( 


* A' ^ - 


) CUD 




BT Jffi T * S 


o 




£t J:OM«(c J: 


D % C O i: ^ 








S 11 . (a) « 






(b) W :tf 3^ O W » 


?im . (o)»« 


T ^ ^ 
















S )t ic> ^ 










o 



wj (t) tt 9B 1R W :^ ( M W ) , (4-1,2.3) 
xj (t) EE 3^, Jt& $1 ft ( T / H ) , ( J - 1 . 2 . 

3 ) . yj (t) tt fi; ffi ^ Itfe 51 t *: « H- 5EC ft (T/H) . 
(J-1, 2. 3) . ll®*fi (T/H) , 

( J - 3 ) . Bj (t) tt ^ jR i50 ft ( T / H ) . ( j 
- 1 , 2 • 3 ) > t J (t) tt 4» EE 3i * - ti" > -f 
xjfcft (T/H ) , ( J - 1 , 2 ) . ttj (t) ttfi; 
ffi;R^-Kr>x>fX:^0tft(T/H), (j-1, 
2) V Pa*ttX«0*Ej5?iaM«tR (T/H) . 
Fx.* tt X«OftflE J»»mil ft (T/H) . (t) 
ttrff-f?3KEieft(T/H), (J-1. 2, 3, 
4) . C,*ttH«J^filS (KT/MWH ) . C^^HS 
ttCJ:i3R»»^3Xf (KY/T) . C,*ttL 

PGMflB (kt/n *•) . E* n xm<omj3 

ft (MW) . M* «H«053»1t^ft (MW) . 

Ep(t) wst«y9>voB:^tefflft (MW) .x, 
(t)e»«r9> ►*oBl!«sifift (N i^/H).ii^ 

(t) tt C O G » « ft (X 10"N ^ ) . (t) tt B F 
G » « ft (X lO'N *' ) . (t) tt » 3R Jtf X ^ tt 
ft (Nrf) ^ Xo*ttCOO»^ft (Xlo'Ni^/ 



-25- 



H ) , x^,* tt B F 0 Ifi ^ » (X 10"N / H ) , Ep 
(t) II H tg ft ( M W H / H ) . Gp (t) tt L P G » A 
S (XlO'Nu'/H) ^^n^nij^fo 

a (t) . 3R » a « hp (t) o ffc tt . (25) it ^ 

(2A)^. (2 7) iCT JS^tft -r * o 

'h^(t)-h^ (t-i) +Xp*-CyoiW+yct<*>+yo,(tn. - (15) 

. . . (20 
. . • (2 7) 



• • (2B) 



c ^ 

jli 'jW S E* + Eo (t) ... (29) 



«aB3M-229604 (6) 

j£i P»* (50) 

[ ^ 



•••(32) 
• • • (i 5) 



o 

^Bi(t)~xi(t)+yj(t) • " (S4) 

B,(t)-x,(t)+ y,(t) . . (55) 

Bs(t)-x,(t)+ y, (t)+ B,(t) ... (3*) 

o, (t)- X, (t) < 1 1 5 . 0 .... (3 7) 

C C T ^ ± E (3 7)iC 3T^r-fcr>ort»flEgJ 

fwiW-O- 05xj(t)+0. 12 7 lit)- 2. 3 ... (3B) 
^ WfW-O. 08x,(t)+0. 14y,(t)-3. 2 --^ (39) 
0. 10xj(t)+0. l6y,(t)+0. 2e»,(t)-4r. 2 

(4 0> 



^iCt)-!. 3yto,<t) ■ • • (41) 

^ ejit)-?. OyciW • • • 

e,(t)-.l. 3yi,,(t) ••• (43) 

(ii)I«<0^)Kc6G;cr:^^®ft%i»fif*Cfco 

^e(*)+yc»(*'-"ye * " - • ^^^^ 

Xo(t)-20XEo(t) • (46) 

JK±K:3*^*:±^ (25)^-' {4s}ig:ij^s WS50)^ 

« . C O G ^ a « (t) , B F Q » « ■ (t) . 
64 (t) ^ J: DC « •/ 9 > f O 91 « « » Xq (*) 

» 7 ea T n s 5B m w :^ wj (t) . ^ as « (t) ^ 



* ffi ^ Jft J5 a xj (t) . fa E Jft $1 fi yj (t) . J: 
it S o 

J-l/C,*. Ep(t)+C3* .Gp(t)+Co* ejtj)-*mlii 
ffP iffi P5 » »c tt «) T o 

«fB«aPH*. teE3«»ffifflMPfc*. COG55& 
ft xp* , B F G 16 ^ a x^* , Bl « X » 1? fi yp* 
#d£C0GfH5?ay«*, B F Q W 5? ft y^^* , 9? <e? 



-26- 



0 0 tt . COG. B F G eo ^ a fi W ' ^'to <*) 

^ - If > o |g ta ffi wj (t) — (t) %r 3« t* S T A 5 ^ 
mi2KIttH«ftEp(t) feiiVLPGWAS^rS^ 

•r T -s o 

^j^&C0G<0^®^r'-ie;^:rSD5M^k-^O^ji!ft 
^fiJttfJUT. LPGOE«Aa%rK^*-it«J:^)C 
mmtS ti\ BFG*^^-tt«:^.3R»<OJ31!» 



1 T ^ - If > C O*^ ^^?L *r U T 5 X 

2Biif-f9**. LPG<DWA»*«e>r*:«>v ^ 

t . 3R $5C ' ffiS^i ^ t 55 « 

« *5 ^ < a *i . B f g c ife » o * a i: ^ jc tt . 

lT^-if>, COG«C5$5»)&5ibSi:$ti2T* 
€.nSo !><r]8im%:^ofc«^, mi 2 



H I TACM-1 80 m ) o 

±km ^ T io m ^ ^ ^ - ^ X ^ :^ h 



r®. m4r0tt3fi^l0OPW%:>»< Tf. y f <om 

21 : 3-^:^jFx 22 : COG*n'^-^23 
:JftJ^^ 2 4:iBFG*^^r-, 25:M«r9 
2es9l?aC*A'r-^ 27:^-»f>->K 
-f^'X.2a:X»o 

^wtmmx «E ^ ft B it 8? m 
ft a A m n iipfuM 



-27- 



^Bl« 59-229604 (8) 





m 5 m 



!5fflP359-229G04 (9) 



21 

i_ 

z,-^ ICOT/ — p- 



22 



28 



BFGffldK 



^ ^26 



BFG 



Sri 



2B 



3B 



4B 



IT 



=^ XX :nL 



27 



IS 6 0 











e,(t) 


ejft) 










5 . 0 


10 . 0 


30 . 0 


70 . 0 


116 . 0 


15 . 0 


30 , 0 


140.0 




30 . 0 


80 . 0 


150.0 


100 . 0 


15 7.0 


60 . 0 


120 . 0 


170.0 



^70 





m 




± « Sj(t) 






ffi 7k « Z^<t) 












ft <I^M 










1 T 


12 . 0 


3 . 0 


125.0 




25 . 0 




100. 0 


10.0 






2 T 


16.5 


5.0 


126.0 




42. 0 


10 . 0 


96.0 


10.0 






3 T 


22 . 5 


5 . 0 


170.0 




55.0 








40 . 0 


a . 0 



-29- 



m 8 



TSBg8g5n-229G04 (10) 



2700 



55. O 56.0 




i60.0 I 270.0 
145.0 



260.0 



143.0 



150.0 



38.0 



3B.0 



I i60.q r- 




K 





six 



10 



20 



1 0 



<8J 

IN 
V 



150 



100 



50 



I J L 2B 

IB 

. ^ M , ,_, L_3B 



ITT 



I ri-"] 

L 1 L_ 



4-B 



I ■ ■ ■ ■ I . 



20 



30 



-30- 



59-229604(11) 




